Objectives. To investigate the incidence of spinal abscess and substance abuse in a tertiary care hospital after state legislation titled "House Bill 1" (HB1) mandated stricter regulation of prescription drugs of abuse in Kentucky in 2012.
Results. The incidence of intraspinal abscess increased 1.56-fold in 2011 (n 5 26) and 2012 (n 5 25) relative to 2010 (n 5 16). However, in 2013, the year following implementation of HB1 legislation, the incidence of intraspinal abscess increased 2.38-fold (n 5 38) and then 4.19-fold (n 5 67) in 2014. The incidence of intraspinal abscess in subjects with drug abuse diagnosis remained constant between 2010 (n 5 3) and 2012 (n 5 3). However, it increased twofold (n 5 7) in 2013 and then ninefold (n 5 27) in 2014. A correlation coefficient (r SAD ) of 0.775 revealed a strong association between the increase incidence of intraspinal abscess and diagnosis of drug abuse.
Conclusions.
The results of this retrospective study demonstrate an increased incidence of intraspinal abscess associated with drug abuse after passage of HB1 legislation regulating prescriptions of controlled medications in Kentucky. This increased incidence may be related to individuals relying on nonprescription drugs of abuse due to more highly regulated access to controlled prescription medica
Introduction
Spinal infection occurs in 2-4% of bone infections and can be pyogenic (bacterial), granulomatous (tuberculous or fungal), or parasitic [1, 2] . The clinical symptoms include fever, back pain, neurologic complications, and pathologic fracture with kyphosis. One of the most common symptoms is moderate to severe back pain, which is found in as high as 95-100% of individuals with spinal infections [3] . Hematogenous spread is one of the most common routes for spinal infection [3, 4] , and infections involving the lumbar spine, anterior elements, and a single segment are more common than involvement of the thoracic and cervical spine, posterior elements, and multiple segments [5] . The risk factors for spinal infection include age (mean of 50-60 years of age), diabetes mellitus, malignancy, alcoholism, immunosuppression (steroid use, organ transplant, HIV infection, and chronic renal failure), genitourethral manipulation, dental procedure, recent abdominal operation, systemic infection, and intravenous abuse of controlled substances [6, 7] . Abuse of intravenous drugs has been associated with a higher prevalence of spinal abscess due, in part, to hematogenous spread of bacteria from contaminated syringes and needles [8] . Several studies have documented primary pyogenic infection of the spine in intravenous drug users [9, 10] , and several case studies have reported spinal abscess in patients who are heroin addicts [11] [12] [13] .
The state of Kentucky ranks 26th in population in the United States, but fourth in terms of the number of prescribed scheduled medications [14] . In July of 2012, the Kentucky general assembly passed House Bill 1 (HB1), which focuses on the strict monitoring and regulation of pain clinics and prescription drug abuse in Kentucky [15] . This landmark piece of legislation mandated that the Kentucky medical board promulgate regulations on a host of issues relating to the prescribing of controlled substances. One of the important changes that came into existence as a result of HB1 legislation is mandatory registration of all physicians with the state's Kentucky All Schedule Prescription Electronic Reporting system, known as KAS-PER. Mandatory use of KASPER is required prior to prescribing a schedule II or III controlled substance, as well as many Schedule IV controlled substances [16] . While HB1 legislation has proven effective in reducing the abuse of prescription medications, there is evidence of a surge in the use of illegal, nonprescription drugs, in particular intravenous use of heroin, possibly as a means to compensate for limited availability of medically approved controlled substances [17] . We report here the results of an uncontrolled retrospective study investigating the incidence of patients with spinal abscess and drug abuse diagnoses before and after passage of HB1 legislation.
Patients and Methods
An uncontrolled retrospective case series study design was used to examine the incidence of intraspinal abscess and drug abuse diagnoses admissions before and after the passage and implementation of HB1 legislation. We retrieved the number of admissions with principal or secondary diagnosis of intraspinal abscess; and intraspinal abscess and drug abuse diagnoses using electronic medical records coding from July 1, 2010 to June 30, 2014 at our tertiary care hospital. In addition, we also obtained patient admission data for spinal cord injured individuals with a diagnosis of epidural abscess and epidural abscess with substance abuse at our freestanding rehabilitation hospital.
All patient data were deidentified and coded using subject identification numbers assigned to each individual's data set, and each subjects' name was excluded from the processed data. No potential risk for subjects was anticipated as no identifiable Protected Health Information (PHI) was collected. Research data were acquired using medical record codes, and the collected study records and data were stored on a password protected office computer in a locked office. No data were transmitted outside of our facilities, and all data/records will be retained for 6 years after completion of the study. The study was approved by the Institutional Review Board Committee of the respective tertiary care and freestanding rehabilitation hospitals. 
Results
In 2010, two years before the passage of HB1 legislation, a total of 16 spinal abscesses were diagnosed at the tertiary care hospital. Of these, a total of three cases of spinal abscess with substance abuse were diagnosed (Tables 1 and 2 , and Figure 1 ). The number of spinal abscesses increased to 26 in 2011 and remained relatively the same in 2012 (n 5 25). Over this time frame, the number of spinal abscess cases with substance abuse diagnoses remained relatively flat (n 5 5 in 2011 and n 5 3 in 2012).
However, in 2013, the year after implementation of HB1 legislation, there were 38 diagnoses of spinal abscess, of which seven were also diagnosed with substance abuse (Figure 1, Tables 1 and 2 ). This represents a 2.4-fold increase in the total number of spinal abscess in 2013 relative to 2010. Interestingly, the incidence of spinal abscesses increased to 67 cases in 2014 and the number of cases of spinal abscess with substance abuse increased to 27 (Tables 1 and 2 As also shown in Figure 2 , the ratio of cases with spinal abscess plus substance abuse diagnoses relative to those with spinal abscess alone remains relatively flat over years 2010-2013. However, the ratio more than doubled in 2014, indicating that the increase in spinal abscess cases with substance abuse is not simply due to an overall increase in incidence of spinal abscess. Finally, the total admissions remained relatively level over the same time periods (Figure 1) , indicating that the increase in the number of cases with spinal abscess associated with drug abuse is not due to an increase in overall admissions.
The correlation coefficient (r SAD ) for intraspinal abscess and drug abuse over time was found to be 0.775. Based on the regression formula and in the absence of any subsequent intervention or change in behavior, it is predicted that 49 cases of intraspinal abscess and substance abuse diagnoses will occur in 2020 at our 
Discussion
The results of this study suggest an increased incidence of intraspinal abscess with substance abuse in patients admitted to a tertiary acute care hospital in Kentucky from 2010 to 2014. This increase occurred primarily in 2014, two years after legislation went into effect mandating stricter control over prescription medication, and was not due to any change in the overall number of admissions over the same time period. It is possible that these observations are unique to the patient population and/or those who are referred to our tertiary care hospital. However, we observed a similar trend in spinal cord injured patients admitted to our freestanding rehabilitation hospital with diagnoses coded for both epidural abscess and substance abuse.
It is tempting to speculate that the increased incidence is related to an overall increase in the abuse of schedule I substances (e.g., heroin) in response to legislation limiting the availability of similarly acting prescription medications. The Kentucky Office of Drug Control Policy reports that the total doses of all controlled substances has dropped 10.4% as HB1 took effect in 2012 [18] . In addition, a recent study has reported that the number of deaths due to drug overdoses in the state of Kentucky have stayed relatively level between 2010 and 2012 [19] . However, while drug overdose deaths due to oxymorphine, hydrocodone, and oxycodone have decreased 1.3-fold between 2010 and 2012, overdose deaths due to heroin have increased over threefold over the same time period [18] . Finally, the detection of heroin in urine samples collected in state-funded substance abuse treatment facilities obtained from patients in the state of Kentucky increased by 211% from 2010 to 2012 [20] . It is not clear if HB1 legislation has been a contributing factor to this pattern, as it was not implemented until 2012, which is the last year data are available on usage and deaths due to drug overdose. Regardless, these observations indicate that the broad sweeping mandates associated with HB1 legislation have been successful in limiting the availability and abuse of schedule II and III prescription medications across the state, especially the highly abused opioid-based prescriptions.
While implementation of stricter legislation may be a contributing factor leading to increased cases of spinal abscess associated with substance abuse, the retrospective design used in our study does not allow for firm conclusions related to causation. Rather, it is highly likely that the increased incidence is due to many factors. For example, a recent study reports an increase in heroin usage and overdose deaths due to heroin across the United States, and this trend includes several states that do not have legislative measures mandating stricter oversight of prescriptions for controlled substances [21] . Factors other than implementation of stricter legislation contributing to the increased incidence of spinal abscess due to drug abuse include the availability and relatively lower cost of heroin over opioid-based prescription medications [17] .
Strict laws for controlled substance prescriptions have been supported as an effective means to control abuse, drug dependence, and death. However, there are no published studies that examine the impact of the prescription drug abuse legislation perpetuating unhealthy behaviors. The purpose of this study was to determine the incidence of drug abuse and spinal abscess prevalence over recent years after HB1 came into existence in Kentucky. While it is not possible to draw firm conclusions between HB1 legislation and the increased incidence reported here, the results of this study have potential relevance to physicians and patients living in other states that have similar potential drug abuse problems, especially given the national increase in heroin usage. Finally, the findings reported here also may be of relevance to other complications related to intravenous drug abuse such as infective endocarditis, sepsis, hepatitis C, and stroke.
Limitations
This study utilized a retrospective chart review that has several limitations including missing data, absence of appropriate control group(s), and the possibility of nonreporters of drug abuse with intraspinal abscess. Therefore, the data presented here should be considered as a conservative assessment of the incidence. In addition, it is possible that the incidence of spinal abscess in substance abuse patients may be due to events unrelated to recent passage of legislation. Therefore, future hypothesis driven prospective studies using a more controlled study design, different tools, patient population(s), and additional time points may reveal the significance of this observation.
Conclusion
We report an increased incidence of intraspinal abscess with drug abuse after HB1 legislation was passed in 2012 in the state of Kentucky. This increased trend may be related to the strict state controlled substances prescription drug abuse legislation, although other factors must be taken into account. Regardless, given the nationwide increase in heroin usage, the results of this study are of relevance to physicians and patients living in other states that are experiencing similar drug abuse problems.
